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Muon Tagging: Number of Triggered Pixels + Ring Completeness

Tagger   threshold
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Muon Tagging: Ring-Center Cleanness Issue

Misstagging if # of active SP and r_fit are overlapped 
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Muon Tagging: Ring Completeness & Ring-Center Cleanness Check
● Circle fit method:

Check distance from 
Circle’s geometric center

+

ctapipe built-in 
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● Circle fit method:

● Centroid depletion check method:

Check distance from 
Circle’s geometric center

Check distance from 
Pixels' center of mass

computationally 
simpler

+

ctapipe built-in 

Muon Tagging: Ring Completeness & Ring-Center Cleanness Check
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Muon Tagging: Issue w/ Centroid Depletion Check @ High-NSB

x

CoM calculation is highly sensitive to isolated noise pixels
=> significant spatial bias
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New Improved Tagging Technique
1. Using true image for finding “ground truth” rings (based on 80% completeness) all NSB levels => no need in cleaning:

true_image = event.simulation.tel[tel_id].true_image

2. def num_islands_python(camera, clean):

"""A breadth first search to find connected islands of neighboring pixels in the cleaning set"""

3.  Calculating exclusion zone for centroid depletion check for the largest island (ring)
4.  Checking exclusion zone requirement for finding pixels inside ring for all triggered SPs (including NSB/noise)
* Opt.: allowing to have some SPs inside the ring, for which the requirement above was failed

https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray
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# of Islands: Issue with µ Rings
Issue: Island Fragmentation

● The ctapipe built-in `number_of_islands` 
method relies on strict nearest-neighbor 
connectivity

● This method fails on segmented µ rings finding 
a set of fragmented islands

● Solution: 1-2x dilation to morphologically bridge 
the nearest islands => recovering a muon ring 
as a single coherent island

x

x
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`dilated_number_of_islands`: Implementation

ctapipe built-in new advanced 
approach



`dilated_number_of_islands`: Performance with µ Rings
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`n_of_islands` `dilated_n_of_islands`

x

x

x

x



11

New Results: `dilated_number_of_islands`
SP threshold: 10 p.e.

“Ground truths” found 
with `true_image`
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New Results: `dilated_number_of_islands`
SP threshold: 10 p.e.



MC w/ Injected Realistic Noise: Ten Noise `Bank`
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3. Dilation

1. Image extraction & 
amplitude conversion (p.e.)

2. Image cleaning

4. Storing TMs w/o signal



MC and Ten Data: Amplitude Matching Issue
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[r0_wf - ped] / fadc_amplitude (6.77) r1_wf

?
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New Results: MC 0xNSB + Injected Ten Noise

SP threshold: 10 p.e.

[VERY PRELIMINARY RESULTS]

SP threshold: 15 p.e.

MHz p.e. MHz p.e.

MC_0xNSB:  r1_wf



Overview
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Improved µ tagging is converging to a final optimal approach:
● Tagging based on # of triggered SPs
● + Ring-center cleanness and ring-completeness check based on centroid depletion method
● + Newly implemented `dilated_number_of_islands` method to isolate muon ring from NSB\noisy SPs

Next Steps/TODOs
● Double-check of the results, including MC data with half/full moon

● Further NSB scan efficiency with injected Tenerife noise and comparison to MC data: is 
NSB under-/overestimated in current MC simulations?

● Optimizing tagging parameters with separate SP thresholds for low- and high NSBs



Backup
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Impact distance/parameter
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